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Abstract
BACKGROUND: Obesity is one of today’s most neglected public health problems, affecting every region of the 
world. Early identification of increased weight gain among the population is paramount to prevent the attendant 
complications associated with obesity.
OBJECTIVES: The primary objective of this study was to measure the distribution of L score in the representative 
population and the secondary objective was to identify an association between L score values and other measures 
of obesity such as body mass index, waist circumference, waist-to-height ratio, neck circumference (NC), and total 
body fat percentage.
METHODS: This study was conducted in the departments of plastic surgery and endocrinology of a tertiary care 
institute. The L score (a measure of fullness of the lateral retromalleolar fossa in the lower limb) was assessed in all 
the participating individuals. Statistical analysis was performed using the Statistical Package for the Social Sciences 
version 19.0. p < 0.05 was considered as statistically significant in statistical analysis.
RESULTS: Among the 50 participants taken in this study, 24 had L score 0, 15 had score 1, and 11 had score 2. The 
participants with L score 1 and 2 had higher obesity, higher NC, and more body fat percentage compared to those 
having score 0. All the participants with L score 2 were overweight and had central obesity.
CONCLUSIONS: The L score measure has a potential for simple and rapid screening of at-risk population for 
overweight and obesity.
Introduction
Obesity is one of today’s most neglected public 
health problems, affecting every region of the globe [1]. 
According to the National Family Health Survey-4, there 
has been an increase in the prevalence of overweight 
and obesity among the Indian population (where this 
study was carried out) as well as many developing and 
developed countries in the world [2]. The prevalence 
of overweight and obesity in India ranges from 15% to 
31.3% for females and 14.3% to 26.6% in males [2]. 
Overweight and obesity are associated with numerous 
health problems such as cardiovascular diseases, 
diabetes mellitus, osteoarthritis, gallstone diseases, 
and probably sex hormone-sensitive cancers [3]. 
Early identification of increased weight gain among 
the population is paramount to prevent the attendant 
complications. The existing methods of measuring 
body adiposity directly are hydrodensitometry, dual-
energy X-ray absorptiometry, magnetic resonance 
imaging, near-infrared intereactance, and total body 
electrical conductivity [4]. However, these techniques 
are expensive and impractical to use as screening tools. 
Therefore, anthropometric parameters are routinely 
used as surrogate markers of body fat. However, these 
methods require equipment and training of screening 
personnel. In addition, carrying out anthropometric 
measurements are time consuming when screening 
is required in areas with high population densities. 
Hence, we felt the need of a simple technique which 
could rapidly identify increasing body adiposity among 
the people at risk in a busy outpatient clinic or a general 
health screening camp.
The lateral retromalleolar fossa (LRMF) or 
fossa retromalleolaris lateralis is an anatomically defined 
concave triangular space behind the lateral malleolus of 
the lower limb in humans. Anatomically, it is bounded 
anteriorly by the posterior border of fibula and posterior 
margin of the lateral malleolus. Posterior border of 
the space is formed by lateral border of lower third of 
Achilles tendon. The anterior and posterior border meets 
superiorly to form the superior angle of the LRMF. The 
inferior border is formed by an imaginary line drawn from 
the inferior border of lateral malleolus to tendoachilles 
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parallel to the sole of foot. We observed the fullness and 
obliteration of LRMF in individuals visiting our clinics for 
consultation of overweight and obesity. We defined the 
degree of fullness as a score (L score). As there have 
been no studies so far on fullness of the LRMF as an 
indicator for increased body adipose mass, we carried 
out this study with an aim to find an association between 
L score, overweight, and obesity.
Materials and Methods
This cross-sectional study was conducted in 
plastic surgery and endocrinology departments of a 
tertiary care institute from July 2017 to June 2018. The 
study protocol was approved by the Institute Ethics 
Committee (JIP/IEC/2015/19/704) and written informed 
consent was obtained from all participants before 
enrolment in the study. The study was conducted based 
on the principles outlined in the Declaration of Helsinki. 
Patients aged between 18 and 60 years attending the 
outpatient clinic were included in the study. Individuals 
with lower limb injuries, immobile, bed ridden patients, 
individuals who had undergone lower limb surgery, 
as well as those with musculoskeletal deformities and 
lymphedema involving the lower limb were excluded 
from the study. The primary objective was to measure 
the distribution of L score in the representative 
population and the secondary objective was to identify 
an association between L score values and other 
measures of obesity such as body mass index (BMI), 
waist circumference (WC), waist-to-height ratio (WHtR), 
neck circumference (NC), and total body fat percentage.
The basic demographic characteristics were 
collected for all subjects using the WHO STEPS 
questionnaire [5]. All patients underwent a detailed 
clinical evaluation. Height in centimeter was measured 
using a stadiometer (SECA Model 214, seca GmbH 
& Co. KG, Hamburg, Germany). Body weight was 
measured using the electronic scale to the nearest 0.1 
kg. BMI was calculated using the standard formula of 
weight (kg)/height2 (m2). BMI >23 kg/m2 and BMI >25 
were defined as overweight and obesity, respectively 
[6]. WC was measured at the midpoint of the inferior 
costal margin and the superior border of the iliac crest 
on the mid-axillary line level at the end of expiration 
using a flexible plastic tape [7]. The healthy WC limits 
were taken as 90 cm for men and 80 cm for women. 
WHtR was calculated as the WC divided by the height, 
both measured in centimeter and WHtR <0.5 was 
considered as normal [8]. NC was measured in the 
midway of the neck, between mid-cervical spine, and 
mid-anterior neck with both shoulders relaxed [8]. Four 
sites (biceps, triceps, subscapular, and suprailiac) and 
skinfold thickness (SFT) were taken in a standardized 
manner using Harpenden calipers and Durnin and 
Womersley formula was used for calculation of total body 
fat percentage [9]. The average of biceps and triceps 
SFT was considered as peripheral SFT. The average of 
subscapular and triceps SFT was considered as truncal 
SFT. The overall SFT was calculated as the mean of 
all four SFTs. The arterial blood pressure measurement 
was done according to the Joint National Committee VII 
recommendations [10].
A direct observation of LRMF was made with 
the participant standing barefoot on a flat surface facing 
away from the examiner. The fullness was scored after 
comparing with the reference scoring photograph, as 
shown in Figure 1.
Figure 1: The photograph of lateral retromalleolar fossa showing L 
score values (a: L Score 0, b: L Score 1, and c: L Score 2)
b ca
L score assessment in this study was done by 
the principal investigator (DM) and coinvestigator (JPS). 
The confusion in L score when present was resolved after 
discussions with other coinvestigators (SK and MMM). No 
fullness of LRMF was defined as L score 0, partial fullness 
of the fossa as L score 1, and complete fullness and 
obliteration of the fossa was defined as L score 2. Before 
starting this study, an inter-rater variability measurement 
was carried out. Four independent observers scored 10 
individuals using the L score. Inter-rater agreement as 
measured using Fleiss kappa was 73% with a kappa 
score 0.60 which indicated good agreement.
The plasma glucose, lipid profile, and thyroid 
function tests were measured in the fasting blood 
sample among the participating individuals. The plasma 
glucose was measured by glucose oxidase method. 
Estimation of total cholesterol, high-density lipoprotein 
(HDL) cholesterol, and triglyceride (TG) was carried out 
by the colorimetric enzymatic method. The very low-
density lipoprotein (VLDL) cholesterol was calculated 
by dividing TG by 5. The low-density lipoprotein (LDL) 
cholesterol was calculated from Friedewald’s formula 
(total cholesterol–[HDL + VLDL]) [11]. Serum thyroid-
stimulating hormone (TSH) and free thyroxine (FT4) 
were measured by immunoassay using ADVIA Centaur 
XP, Siemens Healthcare Global, USA. The reference 
values for the normal TSH and FT4 in our laboratory 
are 0.35–5.5 mIU/l and 0.89–1.76 ng/dl, respectively.
Statistical analysis was performed using 
the Statistical Package for the Social Sciences 
version 19.0. Kolmogorov–Smirnov test was used to 
verify data distribution. Continuous variables with and 
without a normal distribution were expressed as mean 
± standard deviation and median (interquartile range), 
respectively. Categorical variables were presented as 
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the percentage. Unpaired Student’s t-test and ANOVA 
were used to analyse the differences in continuous 
variables with normal distribution between subjects 
with different L scores. The Mann–Whitney U-test and 
Kruskal–Wallis test were used for continuous variables, 
which were not normally distributed. Chi-square test and 
Fisher’s exact test were used for categorical variables. 
p < 0.05 was considered as statistically significant in 
statistical analysis.
Results
A total of 50 subjects were included in this cross-
sectional study. The mean age of the participants was 
41 years (range, 18–67). Nearly 50% of subjects were 
younger than 40 years. Thirty-one (62%) subjects were 
female, majority of them worked at home. Twenty-eight 
(56%) participants were from urban area. Majority of our 
participants belonged to low socioeconomic status, received 
a high school education in government schools, and were 
taking non-vegetarian diet. Around 16% of the participants 
had a family history of diabetes and/or hypertension.
The comparison of the study parameters 
between participants with different L scores is shown 
in Table 1.
Individuals with L score 1 and 2 had higher 
obesity (both generalized and central), thicker SFT, 
higher NC, more body fat percentage, and higher blood 
pressure compared to those having score 0. However, 
there was no difference in these parameters between 
the subjects with L score 1 and 2. We did not notice any 
difference in fasting plasma glucose, lipid parameters, 
and thyroid function test between subjects with different 
L scores (data not shown).
The prevalence of overweight and obesity 
among subjects with different L scores is shown in 
Table 2 and Figure 2.
Figure 2: The prevalence of overweight and obesity among subjects 
with different L scores
Out of total 25 overweight individuals, 20 were 
obese. Twenty-seven had had central obesity as defined 
by high WC and 31 participants had central obesity 
as defined by high WHtR. Among individuals with L 
score 2, all were overweight and all of them had central 
obesity as defined by high WHtR while none was obese 
among participants with L score 0 (22% had high W.C 
and 36% had central obesity). Individuals with either L 
score 1 or 2 had higher prevalence of both generalized 
and central obesity compared to those with L score 0. 
However, we noticed that there was no difference in the 
prevalence of obesity between subjects with L score 1 
and L score 2.
Discussion
Almost all countries including the developing 
ones, with different cultures and geographic regions 
Table 1: Comparison of the study parameters between subjects with different L score values
Parameters Score 0 (n=24) Score 1 ( n=15) Score 2 (n=11) p-value (0 vs. 1 vs. 2) p-value (0 vs. 1 ) p-value (0 vs. 2) p-value (1 vs. 2)
Weight (kg) 45.6 ± 7.4 64.3 ± 14.2 72.5 ± 8 0.001 0.001 0.001 0.135
*BMI (kg/m2) 18.9 ± 2.6 26.7 ± 3.6 29.6 ± 5.58 0.001 0.001 0.001 0.19
*SBP (mmHg) 113 ± 11 127 ± 14 128 ± 13 0.01 0.037 0.024 1.0
*DBP (mmHg) 71 ± 10 83 ± 8 82 ± 10 0.009 0.029 0.030 1.0
WC (cm) 75.9 ± 7.3 91.3 ± 10.5 99.5 ± 7.2 0.001 0.001 0.001 0.054
Waist/height ratio 0.49 ± 0.5 0.59 ± 0.07 0.63 ± 0.08 0.001 0.001 0.001 0.251
NC (cm) 32.3 ± 4 36.6 ± 6.5 36.6 ± 2.2 0.008 0.023 0.04 1.0
Neck/height ratio 0.21 ± 0.03 0.23 ± 0.23 0.23 ± 0.01 0.005 0.016 0.027 1.0
Triceps *SFT (mm) 8.6 ± 4.8 20.7 ± 21 22.9 ± 9.9 0.001 0.001 0.001 1.0
Biceps *SFT (mm) 4.2 (2.8–5.6) 13 (4.8–21) 14 (8.2–25) 0.001 0.003 0.001 0.377
Peripheral *SFT (mm) 6.9 ± 4 17.1 ± 9.2 19.3 ± 8.7 0.001 0.001 0.001 1.0
Subscapular *SFT (mm) 9 (5.4–19) 28 (19–35) 26 (20–32) 0.001 0.001 0.001 0.775
Suprailiac *SFT (mm) 12.3 ± 8.4 27.5 ± 31 34.8 ± 9 0.001 0.001 0.001 0.225
Truncal *SFT (mm) 11.9 ± 7.5 26.9 ± 12.8 30.9 ± 7.3 0.001 0.001 0.001 1.0
Average *SFT (mm) 9.4 ± 8.5 22 ± 10.4 24.9 ± 7.3 0.001 0.001 0.001 1.0
Percentage body fat (%) 19.8 (12.2–28.2) 38.7 (30–41.8) 38.3 (29.3–43.1) 0.001 0.002 0.001 0.856
*BMI: Body mass index, SBP: Systolic blood pressure, DBP: Diastolic blood pressure, SFT: Skinfold thickness. WC: Waist circumference, NC: Neck circumference.
Table 2: Prevalence of overweight and obesity among subjects with different L score values
Parameters Score 0 (%) Score 1 (%) Score 2 (%) p-value (0 vs. 1 vs. 2) p-value (0 vs. 1 ) p-value (0 vs. 2) p-value (1 vs. 2)
Overweight (*BMI ≥23 kg/m2) 2/23 (9) 12/14 (86) 11/11 (100) <0.001 <0.001 <0.001 0.30
Obesity (*BMI ≥25 kg/m2) 0/23 10/14 (71) 10/11 (91) <0.001 <0.001 <0.001 0.28
Central obesity (high *WC) 5/23 (22) 12/14 (86) 10/11 (91) <0.001 <0.001 <0.001 0.75
Central obesity (*WHtR ≥0.5) 8/22 (36) 12/13 (92) 11/11 (100) <0.001 <0.001 <0.001 0.76
*BMI: Body mass index, WC: Waist circumference, WHtR: Waist-height ratio.
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are facing an escalating trend of obesity. While early 
detection is a key to prevention of this global pandemic, 
no existing techniques for identifying overweight and 
obesity are convenient enough to be implemented in 
large cross sections of population in a limited time. This 
constraint becomes more pronounced in developing 
countries with huge population density. The inability to 
detect overweight as well as obesity early would lead 
to millions of people suffering from the consequences 
of the disorders associated with these conditions. 
A simple technique like L score measurement has a 
potential to simplify screening of at risk population for 
overweight and obesity while attending a busy clinic in 
a public hospital or general health camps.
Increasing obesity in Asians in general and 
Indians particularly is primarily driven by stress, 
demographic transitions, unhealthy diets, and 
physical inactivity, in the background of genetic 
predisposition [12]. Our study showed that 50% of 
subjects were overweight and 62% of participants had 
central obesity which may be explained by the fact that 
majority of our participants were female (62%) and 
belonged to urban population, which are known as risk 
factors for obesity among South Asians [12]. Central 
obesity has been found to have good association with 
metabolic syndrome including cardiovascular diseases 
and Southeast Asian populations are known to develop 
abdominal obesity with lesser degree of generalized 
obesity [6]. BMI and total body fat percentage reflect 
generalized obesity, while WC and WHtR are indicators 
of central obesity [7], [13]. In addition, NC is associated 
with obstructive sleep apnea, which is a risk factor for 
sudden cardiac death in obese persons [14].
Although there was no difference in adiposity 
between subjects with L1 and L2 scores in our study, 
they had higher prevalence of both central and 
generalized obesity compared to those with L0 score. 
In addition, none with L score 0 was found to be obese 
while all subjects with L score 2 had overweight 
and central obesity. This means that subjects with 
L score 0 do not need further evaluation to rule out 
overweight or obesity and associated complications. 
This would reduce unnecessary work burden on 
health care workers without compromising the quality 
of health care with efficient utilization of available 
limited medical resources, especially in developing 
countries.
Anthropometric measures need removal of 
clothing which may be inconvenient or embarrassing 
to individuals while L score measurement relies, only 
on observing the surface anatomy of the retromalleolar 
region in the lower leg without the need to remove 
garments. Specialized health workers are not needed 
for this purpose and this parameter can even be 
conveniently measured by the individuals themselves. 
The L score even can provide a guide for changing 
body fat over a period of time. Individuals can assess 
their L score over a period of time, for example, monthly 
intervals and turn up at a specialized clinic for further 
measurements if they notice an increasing L score. 
Although the participants in this study are less in 
number, the major strength of our study is that we have 
devised and used a novel anthropometric parameter for 
rapid screening of obesity.
Conclusions
The L score is a novel and simple anthropometric 
measure designed to evaluate the distribution of obesity 
in a large population within a short period of time. 
A further larger study including pediatric population as 
well as different ethnic groups is required to assess the 
utility of this measure. In addition, the correlation of L 
scores with metabolic syndrome and changes in L score 
with time needs to be done in different populations in 
the future.
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